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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the invention 

The present invention relates to a structure for im- 
proving the performance of various optical guided-wave 
devices using an optical wave guide for such applica- 
tions as optical power modulation, optical switching, 
plane of polarization control, optical phase matching 
and propagation mode control, and further relates to the 
manufacturing method of said structure. 

2. Description of the prior art 

Conventional optical guided-wave devices such as 
optical modulators, optical switches, plane of polariza- 
tion control devices, optical phase matching and optical 
propagation mode control devices form a single propa- 
gation mode optical wave guide in a dielectric single 
crystal having an electro-optic effect (such as lithium 
niobate (LiNbOg) or lithium tantalate (LiTaOs)), and con- 
trol the passage of light through the optical wave guide 
by manipulating the shape of the optical wave guide, 
providing appropriately shaped electrodes, and utilizing 
the electrooptic effect. The structure of such optical 
guided-wave devices is described in Waveguide Elec- 
trooptic Modulatorsby R. Alferness, (IEEE Transactions 
on Microwave and Techniques, Vol. MTT-30, No. 8, 
1121 -1137 (1982)). Manufacturing methods for optical 
wave guides are likewise described in Optical 
Waveguide Modulators by I. Kamlnow (IEEE Transac- 
tions on Microwave and Techniques, Vol. MTT-23, No. 
1, 57-70 (1975)). 

In one such manufacturing method, lithium niobate 
or lithium tantalate is heat treated at a high temperature 
to modify the refractive index of the nnaterial by out-dif- 
fusing the lithium. Alternatively, a metallic film of, for ex- 
ample, titanium is formed by vapor deposition and ther- 
mally diffused at a high temperature to raise the refrac- 
tive Index of the diffused area slightly above that of the 
surrounding area. In either case, the difference in refrac- 
tive indexes is used to trap light. 

An example of a Mach-Zehnder type optical modu- 
lator using a titanium diffusion is described in Japanese 
patent laid-open publication SHO 63-261 21 9. In another 
method described in the literature, a metallic mask is 
formed over the specified areas and a proton -ion ex- 
change is induced in phosphoric acid at 200*C to 300'C, 
partially modifying the refractive index and forming the 
optical wave guide. Manufacturing methods that rely on 
out-diffusion, thermal diffusion, or ion exchange from 
the surface all form the optical wave guide by means of 
diffusion from the surface. The cross section of the op- 
tical wave guide is therefore necessarily determined by 
the diffusion proc ss, resulting in numerous problems. 

One of the biggest problems is coupling loss be- 



tween the optical wave guide and the optical fiber. While 
the cross section of an optical fiber is circular, the shape 
of most conventional optical wave guides is roughly an 
inverted triangle due to formation of the optical wave 

5 guide by diffusion from the surface. Because the 
strength of the guided light is greatest near the surface, 
optical coupling with the optical fiber is poor, resulting in 
significant loss. Reducing this optical coupling loss is 
therefore an extremely important topic in optical guided- 

70 wave device design. 

Another problem caused by diffusion processing is 
greater optical propagation toss after diffusion process- 
ing than before. With a titanium diffusion optical wave 
guide, for example, propagation kjss of approximately 

IS 1 dB/cm normally occurs. Reducing propagation loss is 
therefore another major topic in optical guided-wave de- 
vfce design. 

A third problem is the increase in optical damage 
resulting from diffusion processing. Optical damage re- 

20 fers to the increase in propagation loss over time when 
a high intensity light source or a short wavelength light 
source is input to a diffuston-type optical wave guide. 
This Is believed to be caused by the diffusion of ions in 
the optical wave guide resulting in increased trapping of 

2$ electrons in the optical wave guide. 

It should be noted that methods for forming an op- 
tical wave gutele without relying on diffusbn processing 
have been described. One of these is described by Ka- 
mlnow (see above reference). In this method, lithium 

30 nbbate crystals are grown on top of a lithium tantalate 
layer, or a lithium niobate thin-film is formed by sputter- 
ing on top of a lithium niobate or lithium tantalate layer, 
and the optical wave guide is formed in this lithium nio- 
bate top layer. A similar method is described In Japa- 

35 nese patent laid-open publication SHO 52-23355. This 
method also forms an epitaxial growth lithium niobate 
top layer over a substrate of lithium tantalate (e.g.) using 
liquid phase, gas phase, fusion, or other method, and 
forms the optical wave guide in this top layer. There are, 

40 however, several problems with these optical wave 
guide formation methods using such thin-film crystal 
growth technologies. First, it Is extremely difficult to 
achieve a thickness of greater than 5 ^im in epitaxial 
growth films, and productivity is accordingly poor, be- 

45 cause of the growth speed and flaws occurring in the 
crystals while being grown. In addition, the coupling 
characteristics of a thin-film less than 5 ^m thick with an 
optical fiber having a core diameter of approximately 1 0 
^im are also poor. (The fiber core being where the light 

so is trapped.) 

Productivity is further hampered because a good 
quality single crystal thin-film cannot be obtained unless 
the lattice constants of the thin film is essentially same 
as those of the substrate. It is therefore extremely diffi- 

55 cult to form a good lithium niobate thin-film on a lithium 
tantalate substrate, and a mixed niobium-tantalum crys- 
tal film is often used. Pure lithium nk)bate, however, of- 
fers superior overall optical wave guide characteristtes 
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when compared wilh a mixed crystal film. 

While epitaxial growth of like materials is possible, 
the crystal orientation of the two layers will be the same, 
making it difficult to obtain an effective difference be- 
tween the refractive index of the base substrate and that s 
of the grown thin-film. This results in a solid substrate in 
which the optical wave guWe cannot be formed. 

If the thin-film formed by these thin-film growth tech- 
nologies is not good, propagation loss will increase and 
optical damage will increase even when the layers are 10 
stacked thickly, and the resulting film is therefore not de- 
sirable. 



SUMMARY OF THE INVENTION 
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Therefore, an object of the present invention is to 
provide a manufacturing methods as defined in Claims 
12, 16 and 24 and structure for an optical gukjed-wave 
devrce as defined in Claim 1 characterized by minimal 
optical fiber coupling loss, minimal propagation loss, 20 
and minimal optical damage. 

To achieve this object, an optical guided-wave de- 
vice according to the present Invention has an electro- 
optic effect and comprises an optical wave gukje formed 
in a wafer of at least two bonded single crystal dielectric ^5 
body substrates. The refractive indexes of these sub- 
strates differ and are determined by the crystal orienta- 
tion of the dielectrk; body when the substrates are of like 
materials, or are determined by the basic material com- 
position when the substrates are of different materials. 30 
The substrates are directly bonded, or are bonded 
through a glass film, silicon film, silicon oxide film, or 
silicon nitride film formed at a predetermined place on 
the substrates. Guided light is trapped inside one of the 
single crystal dielectric substrates due to the difference 35 
in the refractive indexes of the substrates. The optical 
guided-wave device controls the light passing through 
the optical wave guide by means of the electro-optic ef- 
fect of the device. 

40 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present inventbn will become more fully under- 
stood from the detailed description given below and the 
accompanying diagrams wherein: 

Fig. 1 is an oblique view of an optical guided-wave 
device according to the first embodiment of the in- 
ventfon. 

Fig. 2 is a cross section of an optical guided-wave so 
device according to the first embodiment of the in- 
vention. 

Fig. 3 is an oblique view of an optical guided-wave 
device according to the second embodiment of the 
invention. ^ 
Fig. 4 is a cross section of an optical guided-wave 
device according to the second embodiment of the 
invention. 



Fig. 5 is an oblique view of an optical guided-wave 
device according to the third embodiment of the in- 
vention. 

Fig. 6 is a cross section of an optical guided-wave 
device according to the third embodiment of the in- 
vention. 

Fig. 7 is an oblique view of an optical guided-wave 
device according to the fourth embodiment of the 
invention, 

Fig. 8 is a cross section of an optical guided-wave 
device according to the fourth embodiment of the 
invention, 

Fig. 9 is an oblique view of an optical guided-wave 
device according to the fifth embodiment of the in- 
vention, 

Fig. 10 is a cross section of an optical guided-wave 
device according to the fifth embodiment of the in- 
vention, 

Fig. 11 is an oblique view of an optical guided-wave 
device according to the sixth embodiment of the in- 
vention, 

Fig. 12 is a cross section of an optical guided-wave 
device according to the sixth embodiment of the in- 
vention, 

Fig. 1 3 is an oblique view of an optical guided-wave 
devrce according to the seventh embodiment of the 
invention. 

and Fig. 14 is a cross section of an optical guided- 
wave device according to the seventh embodiment 
of the inventbn. 

DESCRIPTION OF PREFERP gP EMBODIMENTS 

The preferred embodiments of an optical guided- 
wave device according to the present invention as ap- 
plied to an optical modulator, and the manufacturing 
methods of such devices, are described below with ref- 
erence to the accompanying figures. 

First embodiment 

The structure of the first embodiment is shown In 
Figs. 1 and 2. Fig. 1 is an oblique view of the optical 
guided-wave device as applied in an optical modulator 
comprising a lithium niobate substrate 1, a lithium nio- 
bate thin-plate 2 bonded onto the lithium ntobate sub- 
strate 1, an input/output (I/O) optical wave guide 3 
formed on the lithium niobate thin-plate 2, first and sec- 
ond optical wave guide branches 4 and 5, and elec- 
trodes 6, 7 formed on both sides of the second optical 
wave guide branch 5. 

The lithium niobate thin-plate 2 is directly bonded 
to the lithium niobate substrate 1 by cleaning and hy- 
drophilic processing of the surface of each substrate be- 
fore direct heat bonding. The crystal orientation of the 
lithium niobate thin-plate 2 is different from that of the 
lithium niobate substrate 1 . 

The optical wave guide branches 4 and 5 are 
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formed by splitting the input side of the optical wave 
guide 3. 

Fig. 2 is a cross section of Fig. 1 at a section through 
the first and second optical wave guide branches 4 and 
5. Like reference numerals indicate the same compo- 
nents in Figs. 1 and 2. The optical wave guide branches 
4 and 5 and the I/O optical wave guide 3 have a trape- 
zoidal cross section characteristic of a so-called ridge- 
type optical wave guide. The guided light propagators 8 
are located below the optical wave guide branches 4 
and 5. 

The construction of this optical modulator is known 
as a Mach-Zehnder design. Incident light entering the 
input branches into two parts. An electrical field is ap- 
plied to one of the optical wave guide branches, creating 
an electro-optic effect that modifies the refractive index 
of the optteal wave guide, changes the propagation 
speed of the guided light, and thus offsets the phase of 
the light when the branches rejoin. The effect of this is 
to nxxiuiate the strength of the light at the output. 

The dielectric constant of lithium niobate parallel to 
the optical axis of the crystal is significantly different 
from the dielectric constant perpendicular to the optical 
axis, resulting in a corresponding difference in the re- 
fractive index in each direction. The refractive index to 
ordinary light is approximately 2.29 white the refractive 
index to extraordinary light is 2.20. If there is a difference 
of greater than approximately 0.01 in the refractive in- 
dexes, light can be trapped in the area with the higher 
refractive index, thus making it possible to form an op- 
tical wave guide. 

In this embodiment the crystal axes of the lithium 
niobate substrate 1 and the lithium niobate thin-plate 2 
are selected so that the refractive index of the lithium 
niobate thin-plate 2 is greater than that of the lithium nio- 
bate substrate 1 for the optical propagation mode. As a 
result, light incident to the lithium niobate thin-plate 2 is 
trapped inside the thin-plate. By additionally employing 
a ridge construction, the effective dielectric constant of 
the area under the ridges is greater than that of the other 
(thinner) areas, thus trapping light below the ridges and 
enabling the under-ridge area to act as an optical wave 
guide. 

The shape of the optical wave guide in this case is 
either trapezoidal or rectangular in end cross section 
with a uniform refractive index, thus placing the center 
of the guided light near the center of the optical wave 
guide with an approxirr^ately circular cross section. The 
cross section of the I/O optical wave guide 3 is the same. 
This results in extremely good coupling efficiency be- 
tween the round I/O optical wave guide structure and 
the core (approx. 10 [im diameter) of the optical fiber. 

Typical values for these dimensions are a lithium 
niobate substrate 1 thickness of 600 ^m, lithium niobate 
thin-plate 2 optical wave guide thickness of 7 ^m, ridge 
height at the peak of 3 ^m, optical wave gukJe width of 
7 ^m, optical wave guide branch length of 2 cm, and 
total optKal wave guid length of 3 cm. The electrodes 



are aluminum. 

With this construction, optical fiber coupling loss is 
less than 0.3 dB at one plane when coupled with adhe- 
sive bonding using an adhesive with an adjusted refrac- 

5 tive index. This is a significant improvement over the typ- 
ical coupling loss of 0.5 - 1.0 dB of an optical guided- 
wave device using a conventional titanium diffusion op- 
tical wave guide and the same adhesive bonding meth- 
od. The performance of the optical modulator itself is 

10 equivalent to that of the conventional titanium diffusion 
optical wave guide. 

Optical propagation loss of the optical wave guide 
is also significantly reduced because a lithium niobate 
thin-plate with the optical characteristics of pure single 

15 crystals is used without ion diffusion processing. Spe- 
cifically, optical wave guide propagation loss of less than 
0.1 dB/cm is easily obtained. This is also a significant 
improvement over the conventional titanium diffusion 
optbal wave guide in which propagation toss ranges 

20 from 0.5- 1.0 dB/cm. 

The strength of the input light was also varied from 
0 dBm to 30 dBm to determine the optical damage char- 
acteristic, but virtually no optical damage was obsen/ed. 
This is attributed to the use of a pure single crystal lith- 

25 ium nbbate thin-plate with an extremely low level of 
trapped electrons as the optical wave guide. 

A4easurements were made using a 1.3 ^m wave- 
length light. 

30 Second embodiment 

The structure of the second embodiment is shown 
in Figs. 3 and 4. Fig. 3 is an oblique view of the optical 
guided-wave device as applied in an optical modulator, 

35 and Fig. 4 is a cross section of Fig. 3 at a section through 
the first and second optical wave guide branches 4 and 
5. This embodiment differs from the first in that a lithium 
niobate thin-plate 12 is directly bonded to a lithium tan- 
talate substrate 11 by cleaning and hydrophilic process- 

40 ing of the surface of both substrates before direct heat 
bonding. Identical parts in the first and second embod- 
iments are Identified by the same reference numerals. 

The refractive indices of lithium tantalate and lithium 
niobate differ. The refractive index to ordinary light of 

45 lithium tantalate is 2.175 while that of lithium niobate is 
2.29. This results in an appropriate difference of 0.11 5. 
Light can therefore be trapped in the lithium niobate lay- 
er with the higher refractive index, thus forming an op- 
tical wave guide. Light incident to the lithium niobate 

50 thin-plate 12 is therefore trapped inside the thin-plate. 
By additionally employing a ridge construction, the ef- 
fective dielectric constant of the area under the ridges 
is greater than that of the other (thinner) areas, thus trap- 
ping light below the ridges and enabling the under-ridge 

55 area to act as an optical wave guide. 

The shape of the optical wave guide in this embod- 
iment is kJentical to that of the first embodiment, and 
coupling efficiency with the round optical wave guide 
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structure of the optical fiber Is extremely good. 

Typical values for these dimensions are a lithium 
tantalate substrate 1 1 thickness of 600 ^m with all other 
values the same as in the first embodiment above. 

With this construction, optical fiber coupling loss is 
less than 0.3 dB as in the first embodiment, a significant 
improvement over the conventional model. 

Optical wave guide propagation loss of less than 0. 1 
dB/cm is easily obtained, again as in the first embodi- 
ment. The results of optical damage obsen^ations were 
also the same as in the first embodiment above. 

Third embodiment 

This third embodiment describes a first embodi- 
ment of a manufacturing method for an optical guided- 
^ wave device according to the invention. 

First, the surfaces of two lithium niobate wafers with 
different crystal orientations and each mirror polished 
are cleaned with an etching process. Specifically, the 
surface layer of the lithium niobate wafer is etched away 
using a hydrofluoric acid etching agent. The surfaces 
are then flushed in demineralized water and immediate- 
ly sandwiched uniformly together, easily enabling direct 
bonding by the water, hydroxyl groups, and hydrogen 
adsorbed In the lithium niobate wafer surfaces. While 
this process yields a sufficiently strong bond, the bond 
is further strengthened by heat treatment at a tempera- 
ture between 100*»C and 1100°C. 

The lithium niobate wafer with the crystal orientation 
having the higher refractive index is then mechanically 
polished and etched to a thin-plate layer. After reducing 
the wafer to a thickness of 7 ^im, an etching mask is 
formed on the thinned lithium niobate wafer to the pat- 
tern of the optical wave guide structure shown in the first 
embodiment using photolithography techniques, and 
the unmasked areas (the area not forming the optical 
wave guide) are removed to a depth of 3 jim by etching. 
The mask is Cr and the etching agent is a hydrofluoric 
acid etching solution. The mask is then removed, and 
the aluminum electrodes are formed using conventkxial 
photolithography and etching technologies. 

This process yields the structure of the optical gud- 
ed-wave device as shown in the first embodiment. The 
coupling characteristic, propagation loss, and optical 
damage characteristic of this optical guided-wave de- 
vice and optk:al fiber are as described above with refer- 
ence to the first embodiment. 

Fourth embodiment 

This fourth embodiment describes a second em- 
bodiment of a manufacturing method for an optrcal guid- 
ed-wave device according to the Invention. 

As In the third embodiment above, the surfaces of 
a lithium niobate wafer and a lithium tantalate wafer, 
whk:h are ground to a mirror finish, are cleaned with an 
tching process. The subsequent process is the same 



as in the third embodiment above, resulting In direct 
bonding of the lithium tantalate and lithium niobate wa- 
fers. After reducing the thickness of the lithium niobate 
wafer, which has a higher refractive index, to 7 ^m, the 

5 wafer Is masked, etched, and aluminum electrodes are 
formed as described in the third embodiment, resulting 
in an optical guided-wave device constructed as de- 
scribed in the second embodiment above. 

The coupling characteristic, propagation loss, and 

10 optrcal damage characteristic of this optical guided- 
wave device coupled to the optical fiber are as described 
above with reference to the second embKxllment. 

In both the third and fourth embodiments, the heat 
treatment effect strengthening the bond results in a sev- 

15 eral fold increase in bond strength by simply baking the 
wafers for approximately one hour at 100**C. This proc- 
ess yiekJs a bond strength of several 1 0 kg/cm^. In gen- 
eral, bond strength increases with an increase in proc- 
ess temperature or time. When the temperature ex- 

20 ceeds 1 1 00*C, however, lithium is rapidly released from 
the surface of both lithium niobate and lithium tantalate 
wafers, significantly deteriorating the wafer surface 
characteristics and optteal guided-wave device perform- 
ance. The bonding heat treatment temperature is there- 

2S fore preferably less than 1 1 00**C. 

Because the thernnai expansion coefficients are 
equivalent when two lithium niobate wafers are bonded 
as described in the third embodiment, the heat treat- 
ment temperature needed to improve bond strength is 

30 both higher and easier to regulate. In this case wafer 
separation does not occur even when a high mechanical 
polishing force is used to thin the wafer, and the optical 
guided-wave device itself can operate stably at a higher 
temperature. As a result, when the optical guided-wave 

35 device Is manufactured by bonding wafers of like mate- 
rials, a device with a high direct bond strength and stable 
operation at high temperatures can be obtained. 

This direct bonding is attributed to the ion bonding 
strength of the water, hydroxyl groups, and hydrogen 

40 adsorbed by the surface of the dielectric wafers from the 
water. Application of heat in this state causes the water 
to escape from the bonding interface and both directly 
adsorbed hydrogen and hydrogen in the hydroxyl 
groups to escape. The residual oxygen and oxygen in 

45 the surface of the dielectric (which is an oxide) to react 
with the other constituent elements of the dielectric, 
thereby increasing the bond strength. 

Fifth embodiment 

so 

This fifth embodiment describes a third embodi- 
ment of an optical guided-wave devtee structure accord- 
ing to the present inventfon is described below with ref- 
erence to Figs. 5 and 6. As in the first embodiment 
55 above. Fig. 5 is an oblique view of the optical guided- 
wave device as applied in an optical modulator, and Fig. 
6 is a cross sectbn of Fig. 5 at a section through the first 
and second optical wave guide branches 4 and 5. tden- 
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tical parts in the first and third embodiments are identi- 
fied by the same reference numerals 1 - 8. 

This embodiment differs from the first in that a glass 
film 21 bonds the lithium niobate substrate 1 to the lith- 
ium niobate thin-plate 2. 

The optical wave guide branches 4 and 5 and the 1/ 
O optical wave guide 3 have a trapezoidal cross section 
characteristic of a so-called ridge-type optical wave 
guide. The guided light propagators 8 are located below 
the optical wave guide branches 4 and 5. The structure 
and function of the optical modulator are basically the 
same as described In the first embodiment. 

As also described in the first embodiment, the die- 
lectric constant of lithium niobate parallel to the optical 
axis of the crystal is significantly different from the die- 
lectric constant perpendicular to the optical axis, result- 
ing in a corresponding difference in the refractive index 
in each direction. In this embodiment the crystal axes of 
the lithium niobate substrate 1 and the lithium niobate 
thin-plate 2 are selected so that the refractive index of 
the lithium niobate thin-plate 2 Is greater than that of the 
lithium niobate substrate 1 for the optical propagation 
mode. Although the refractive index of the bonding glass 
film 21 between the wafers is approximately 1 .5 and less 
than that of lithium nbbate. light incident to the lithium 
niobate thin-plate 2 is trapped inside the thin-plate be- 
cause the glass film 21 thickness Is 0.5 ^m, significantly 
thinner than the optical wave guide blocking thickness. 
By additionally employing a ridge construction in the lith- 
ium niobate thin-plate 2, the effective dielectric constant 
of the area under the ridges is greater than that of the 
other (thinner) areas, thus trapping light below the ridg- 
es and enabling the under-ridge area to act as an optical 
wave guide. 

As In the first embodiment, the shape of the optical 
wave gukjie in this case Is either trapezoidal or rectan- 
gular In end cross section with a uniform refractive In- 
dex, thus placing the center of the guided light near the 
center of the optical wave guide with an approximately 
circular cross section. The cross section of the I/O opti- 
cal wave guide 3 Is also the same. This results in ex- 
tremely good coupling efficiency between the round I/O 
optical wave guide structure and the core (approx. 10 
^m diameter) of the optical fiber. 

Typical values for these dimensions are a lithium 
niobate substrate 1 thickness of 600 ^m. lithium niobate 
thin-plate 2 thk:kness of 7 \m), peak ridge height of 3 
^m, optical wave guide width of 7 ^tm. glass film thick- 
ness of 0.5 |im, optical wave guide branch length of 2 
cm, and total optical wave guide length of 3 cm. The 
electrodes are aluminum. 

With this constructbn, optical fiber coupling bss Is 
less than 0.3 dB at one plane when coupled with adhe- 
sive bonding using an adhesive with an adjusted refrac- 
tive index, a significant improvement over the coupling 
loss In conventional devices. The performance of the 
optical modulator itself is equivalent to that of the con- 
ventional titanium diffusion optical wave guide. 



Optical propagation loss of the optical wave guide 
is also significantly reduced because a lithium niobate 
thin-plate with the optical characteristics of pure single 
crystals is used without ion diffusion processing. Spe- 

5 cifically, optical wave guide propagation loss of less than 
0.1 dB/cm is easily obtained. This is also a significant 
improvement over the conventional titanium diffusion 
optical wave guide in which propagation loss ranges 
from 0.5 - 1.0 dB/cm. 

10 The strength of the input light was also varied from 
0 dBm to 30 dBm to determine the optical damage char- 
acteristic, but virtually no optical damage was observed. 
This is attributed to the use of a pure single crystal lith- 
ium ntobate thin-plate with an extremely low level of 

15 trapped electrons as the optical wave guide. 

Measurements were made using a 1.3 ^m wave- 
length light. 

Sixth embodiment 

20 

This sixth embodiment describes a fourth embodi- 
ment of an optical guided-wave device structure accord- 
ing to the present invention as shown in Figs. 7 and 8. 
Fig. 7 is an oblique view of the optical guided-wave de- 
25 vice as applied in an optical modulator, and Fig. 8 is a 
cross section of Fig. 7 at a section through the first and 
second optical wave gukJe branches 4 and 5. This em- 
bodiment differs from the fifth in that a lithium niobate 
thin-plate 12 Is bonded by a glass film 21 to a lithium 
30 tantalate substrate 11. Identical parts in the third and 
fourth embodiments are identified by the same refer- 
ence numerals 3-8 and 21 . 

As described in the second embodiment, the refrac- 
tive indices of lithium tantalate and lithium niobate differ 
35 by an appropriate amount. Light can therefore be 
trapped in the lithium niobate layer with the higher re- 
fractive index, thus forming an optical wave guide. Light 
incident to the lithium niobate thin-plate 12 is therefore 
trapped inside the thin-plate. By additionally employing 
40 a ridge construction, the effective dielectric constant of 
the area under the ridges is greater than that of the other 
(thinner) areas, thus trapping light below the ridges and 
enabling the under-rkjlge area to act as an optical wave 
guide. 

45 The shape of the optical wave guide in this embod- 
iment is identical to that of the fifth embodiment, and 
coupling efficiency with the round optical wave guide 
structure of the optical fiber is extremely good. 

Typical values for these dimensions are a lithium 

60 tantalate substrate 11 thickness of 600 jim with all other 
values the same as in the fifth embodiment above. 

With this construction, optical fiber coupling loss is 
less than 0.3 dB as in the fifth embodiment, a significant 
improvement over the conventional model. 

55 Optical wave guide propagation loss of less than 0.1 
dB/cm is easily obtained, again as in the fifth embodi- 
ment. The results of optfcal damage obsen^ations were 
also the same as In the fifth embodiment above. 
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Seventh mbodiment 

This seventh embodiment describes a third embod- 
iment of a manufacturing method for an optical guided- 
wave device according to the invention. 

First, the surfaces of two lithium niobate wafers with 
different crystal orientations and each mirror polished 
are cleaned with an etching process. On one face of 
each wafer, a lead borosilicate glass film is formed to a 
thickness of 0.25 ^m. The glass film sides of each wafer 
are then mated and heat is applied to bond the glass 
films together. 

The lithium niobate wafer with the crystal orientation 
having the higher refractive index is then mechanically 
polished and etched to a thin-plate layer. After reducing 
the wafer to a thickness of 7 ^trn. an etching mask is 
formed on the thinned lithium niobate wafer to the pat- 
tern of the optical wave guide structure shown in the fifth 
embodiment using photolithography techniques, and 
the unmasked areas (the area not forming the optical 
wave guide) are removed to a depth of 3 ^m by etching. 
The mask is Cr and the etching agent is a hydrofluoric 
acid etching solution. The mask is then removed, and 
the aluminum electrodes are formed using conventronal 
photolithography and etching technologies. 

This process yields the structure of the optical guid- 
ed-wave device as shown in the fifth embodiment. The 
coupling characteristic, propagation loss, and optical 
damage characteristfe of this optical guided-wave de- 
vice and optical fiber are as described above with refer- 
ence to the fifth embodiment. 

Bonding the two wafer using glass adhesion can be 
simply accomplished by setting the heat treatment tem- 
perature higher than the melting point of the glass, but 
adhesion can also be accomplished by maintaining a 
lower temperature near the softening point of the glass 
type used. Use of this lower temperature retains a glass 
film thickness approximately equal to the film thickness 
before heat treatment. While the film thickness was re- 
duced, to varying degrees depending upon the pressure 
applied, with a heat treatment temperature exceeding 
the glass melting point, no adverse effects caused by 
the reduced thickness were observed. Glass com- 
pounds with a melting point ranging from 300°C to 
eOO^C were used with good characteristics obtained in 
all cases by setting the heat treatment temperature at 
an appropriate level relative to the melting point, i.e., at 
a temperature above the softening point of the glass. 

Eight embodiment 

This eighth embodiment describes a fourth embod- 
iment of a manufacturing method for an optfcal guided- 
wave device according to the invention. 

As in the seventh embodiment above, the surfaces 
of a lithium niobate wafer and a lithium tantalate wafer, 
which are ground to a mirror finish, are cleaned with an 
etching process. The subsequent process is the same 



as in the seventh embodiment above, resulting in a 
glass bonded wafer of lithium tantalate and lithium nio- 
bate wafers. After reducing the thickness of the lithium 
ntobate wafer, which has a higher refractive index, to 7 

5 Jim. the wafer is masked, etched, and aluminum elec- 
trodes are formed as described in the seventh embodi- 
ment, resulting in an optical guided-wave device con- 
structed as described in the sixth embodiment above. 
The coupling characteristic, propagation toss, and 

10 optical damage characteristic of this optical guided- 
wave device coupled to the optical fiber are as described 
above with reference to the sixth embodiment. 

In both the seventh and eighth embodiments, bond 
strength increases, in general, as the heat treatment 

IS process temperature or time increases. When the tem- 
perature exceeds 1100*C. however, lithium is rapidly re- 
leased from the surface of both lithium niobate and lith- 
ium tantalate wafers, significantly deteriorating the wa- 
fer surface characteristics and optical guided-wave de- 

20 vice performance. The bonding heat treatment temper- 
ature is therefore preferably less than 1100*C. 

Because the thermal expansion coefficients are 
equivalent when two lithium niobate wafers are bonded 
as described in the seventh embodiment, the heattreat- 

25 ment temperature needed to improve bond strength is 
both higher and easier to regulate. In this case wafer 
separation does not occur even when a high mechanical 
polishing force is used to thin the wafer, and the optical 
guided-wave device itself can operate stably at a higher 

30 temperature. As a result, when the optical guided-wave 
device is manufactured by bonding wafers of like mate- 
rials, a device with a high direct bond strength and stable 
operation at high temperatures can be obtained. 

35 Ninth embodiment 

This ninth embodiment describes a fifth embodi- 
ment of an optk^al guided-wave device structure accord- 
ing to the present inventk)n is described below with ref- 

40 erence to Figs. 9 and 10. As in the first embodiment 
above, Fig. 9 is an oblique view of the optical gurcied- 
wave device as applied in an optical modulator, and Fig. 
10 is a cross section of Fig. 9 at a section through the 
first and second optical wave guide branches 4 and 5. 

45 Identical parts in the first and third embodiments are 
identified by the same reference numerals 1 - 8. 

This embodiment differs from the fifth in that a sili- 
con oxide film 22 bonds the lithium niobate substrate 1 
to the lithium niobate thin-plate 2. 

so The optrcal wave guide branches 4 and 5 and the 1/ 
O optical wave guide 3 have a trapezoidal cross section 
characteristic of a so-called ridge-type optical wave 
guide. The guided light propagators 8 are located below 
the optical wave guide branches 4 and 5. The structure 

55 and function of the optical modulator are basically the 
same as described in the first embodiment. 

As also described in the first embodiment, the die- 
lectric constant of lithium niobate parallel to the optical 
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axis of the crystal is significantly different from the die- 
lectric constant perpendicular to the optical axis, result- 
ing in a corresponding difference in the refractive index 
in each direction. In this embodiment the crystal axes of 
the lithium niobate substrate 1 and the lithium niobate 
thin-plate 2 are selected so that the refractive index of 
the lithium niobate thin-plate 2 is greater than that of the 
lithium niobate substrate 1 for the optical propagation 
mode. Although the refractive index of the bonding sili- 
con oxide film 22 between the wafers is approximately 
1.46 and less than that of lithium niobate, light incident 
to the lithium niobate thin-plate 2 is trapped inside the 
thin-plate because the silicon oxide film 22 thickness is 
0.5 |im. significantly thinner than the optical wave guide 
blocking thickness. By additionally employing a ridge 
construction in the lithium niobate thin-plate 2, the ef- 
fective dielectric constant of the area under the ridges 
is greater than that of the other (thinner) areas, thus trap- 
ping light below the ridges and enabling the under-ridge 
area to act as an optical wave guide. 

The shape of the optical wave guide in this case is 
either trapezoidal or rectangular in end cross section 
with a uniform refractive index, thus placing the center 
of the guided light near the center of the optical wave 
guide with an approximately circular cross section. The 
cross section of the I/O optical wave guide 3 is also the 
same. This results In extremely good coupling efficiency 
between the round I/O optical wave guide structure and 
the core (approx. 10 ^im diameter) of the optical fiber. 

Typical values for these dimensions are a lithium 
niobate substrate 1 thickness of 600 |im, lithium niobate 
thin-plate 2 thickness of 7 ^m, peak rWge height of 3 
|im, optical wave guide width of 7 jim. silicon oxide film 
22 thickness of 0.5 ^im, optical wave guide branch length 
of 2 cm, and total optical wave guide length of 3 cm. The 
electrodes are aluminum. 

With this constructbn, optical fiber coupling bss is 
less than 0.3 dB at one plane when coupled with adhe- 
sive bonding using an adhesive with an adjusted refrac- 
tive index, a significant improvement over the coupling 
loss in conventional devices. The performance of the 
optical modulator Itself is equivalent to that of the con- 
ventional titanium diffusion optical wave guide. 

Optical propagation loss of the optical wave guide 
is also significantly reduced because a lithium niobate 
thin-plate with the optical characteristics of pure single 
crystals is used without ion diffusion processing. Spe- 
cifically, optical wave guide propagation loss of less than 
0.1 dB/cm is easily obtained, a significant improvement 
over the conventional model. 

The strength of the input light was also varied from 
0 dBm to 30 dBm to determine the optical damage char- 
acteristic, but virtually no optical dannage was obse wed. 
This is attributed to the use of a pure single crystal lith- 
ium niobate thin-plate with an extremely low level of 
trapped electrons as th optical wave guide. 

Measurements were made using a 1.3 ^m virave- 
length light. 



Tenth mbodim nt 

This tenth embodiment describes a sixth embodi- 
ment of an optical guided-wave device structure accord- 

5 ing to the present invention as shown in Figs. 1 1 and 1 2. 
Fig. 1 1 is an oblique view of the optical guided-wave de- 
vice as applied in an optical modulator, and Fig. 12 is a 
cross section of Fig. 1 1 at a section through the first and 
second optical wave guide branches 4 and 5. This em- 

10 bodiment differs from the ninth in that a lithium ntobate 
thin-plate 12 Is bonded by a silicon nitride film 23 to a 
lithium tantalate substrate 11. Identical parts in the first 
and tenth embodiments are identified by the same ref- 
erence numerals 3 - 8. 

1$ As described in the second embodiment, the refrac- 
tive indices of lithium tantalate and lithium niobate differ 
by an appropriate amount. Light can therefore be 
trapped in the lithium niobate layer with the higher re- 
fractive index, thus forming an optical wave guide. Light 

20 incident to the lithium niobate thin-plate 12 is therefore 
trapped inside the thin-plate. By additionally employing 
a ridge construction, the effective dielectric constant of 
the area under the ridges is greater than that of the other 
(thinner) areas, thus trapping light below the ridges and 

25 enabling the under-rWge area to act as an optical wave 
guide. 

Although the refractive index of the bonding silicon 
nitrkie film 23 between the wafers is approximately 1.9 
and less than that of lithium nkjbate, light incident to the 
30 lithium niobate thin-plate 2 is trapped inside the thin- 
plate because the silicon nitride film 23 thickness is 0.5 
nm, significantly thinner than the optical wave guide 
blocking thickness. 

The shape of the optical wave guide in this embod- 
35 iment is identical to that of the ninth embodiment, and 
coupling efficiency with the round optical wave guide 
structure of the optical fiber is extremely good. 

Typical values for these dimensions are a silicon ni- 
tride film 23 thickness of 0.5 jim, and a lithium tantalate 
40 substrate 1 1 thickness of 600 ^im with all other values 
the same as in the ninth embodiment above. 

With this construction, optical fiber coupling loss is 
less than 0.3 dB as in the ninth embodiment, a signifi- 
cant improvement over the conventional model. 
45 Propagation loss of less than 0.1 dB/cm is easily 
obtained, again as in the ninth embodiment. The results 
of optical damage observations were also the same as 
in the ninth embodiment above, 

50 Eleventh embodiment 

This eleventh embodiment describes a seventh em- 
bodiment of an optical guided-wave devfce structure ac- 
cording to the present invention as shown in Figs. 13 
55 and 14. Fig. 1 3 is an oblique view of the optical guided- 
wave device as applied in an optical modulator, and Fig. 
14 is a cross section of Fig. 1 3 at a section through the 
first and second optical wave guide branches 4 and 5. 
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This embodiment differs from the tenth in that a lithium 
niobate thin-plate 12 is bonded by a silicon film 24 to a 
lithium tantatate substrate 11 . Identical parts in the sec- 
ond and eleventh embodiments are identified by the 
same reference numerals 3 - 8. 

As described in the tenth embodiment, light Incident 
to the lithium niobate thin-plate 12 is trapped inside the 
thin-plate because of the difference in the refractive in- 
dices of lithium tantalate and lithium niobate. By addi- 
tionally employing a ridge construction, the effective di- 
electric constant of the area under the ridges is greater 
than that of the other (thinner) areas, thus trapping light 
below the ridges and enabling the under-ridge area to 
act as an optical wave guide. 

While the refractive index of the silicon film is less 
than that of the lithium niobate film and is absorbent to 
light with a 1 .3 jxm wavelength, light incident to the lith- 
ium niobate thin-plate 2 Is trapped Inside the thin-plate 
because the silicon film 24 thickness is 0.5 ^m. signifi- 
cantly thinnerthan the optical wave guide blocking thick- 
ness. 

The shape of the optical wave guide in this embod- 
iment is identical to that of the ninth embodiment, and 
coupling efficiency with the round optical wave guide 
structure of the optical fiber is extremely good. 

Typical values for these dimensk)ns are a silicon 
film 24 thickness of 0.5 ^m with all other values the same 
as in the ninth embodiment above. Optical fiber coupling 
loss is less than 0.3 dB as in the ninth embodiment, a 
significant improvement over the conventional model. 

Optical wave guide propagation loss of less than 0. 1 
dB/cm is easily obtained, again as in the ninth embodi- 
ment. The results of optical damage obsen/ations were 
also the same as in the ninth embodiment above. 

Twelfth embodiment 

This twelfth embodiment describes a fifth embodi- 
ment of a manufacturing method for an optical guided- 
wave device according to the invention. 

First, the surfaces of two lithium niobate wafers with 
different crystal orientations and each mirror polished 
are cleaned with an etching process. A silicon oxide film 
is formed on one face of each wafer to a thickness of 
0.25 |im using a plasma CVD method. The silicon oxide 
film surfaces are then cleaned with an etching process 
and treated with a hydrophilic process. Specifically, the 
silicon oxide film surface layer is etched to a very slight 
degree using a hydrofluoric acid etching solution, simul- 
taneously cleaning the surface and making the surface 
hydrophilic. The surfaces are then flushed in deminer- 
alized water and immediately sandwiched uniformly to- 
gether, easily enabling direct bonding by the water, hy- 
droxyl groups, and hydrogen adsorbed in the silicon ox- 
ide film surface. While this process yields a sufficiently 
strong bond, the bond is further strengthened by heat 
treatment at a temperature between 100*C and 1100*^0. 

The lithium niobate wafer with the crystal orientation 



having the higher refractive index is then mechanfcally 
polished and etched to a thin-plate layer. After reducing 
the wafer to a thickness of 7 nm, an etching mask is 
formed on the thinned lithium ntobate wafer to the pat- 

5 tern of the optical wave guide structure shown in the 
ninth embodiment using photolithography techniques, 
and the unmasked areas (the area not forming the op- 
tical wave guide) are removed to a depth of 3 jim by 
etching. The nnask is Cr. Etching is performed by reac- 

10 tive ion etching using a CF4 gas. The mask is then re- 
moved, and the aluminum electrodes are formed using 
conventtonal photolithography and etching technolo- 
gies. 

This process yiekJs the structure of the optical guid- 
15 ed-wave device as shown in the ninth embodiment. The 
coupling characteristic, propagation loss, and optical 
damage characteristic of this optical guided-wave de- 
vtee and optical fiber are as described above with refer- 
ence to the ninth embodiment. 
20 Heat treatment of the silicon oxide film is possible 
in the range from lOO'C to 1100*0 with a higher heat 
treatment temperature yielding a higher bond strength. 

Thirteenth embodiment 

2S 

This thirteenth embodiment describes another 
manufacturing method for an optical guided-wave de- 
vice according to the invention. 

As in the twelfth embodiment above, the surfaces 

30 of a lithium niobate wafer and a lithium tantalate wafer, 
which are ground to a mirror finish, are cleaned with an 
etching process. A silicon oxide film is formed on one 
face of each wafer to a thickness of 0.25 ^m using a 
plasma CVD method. As in the twelfth embodiment, the 

3S silicon oxide film surfaces are then cleaned with an etch- 
ing process and treated with a hydrophilic process, 
flushed In demineralized water, and immediately sand- 
wiched uniformly together, thereby bonding the lithium 
tantalate and lithium niobate layers together by means 

40 of the silicon oxide film. Bond strength is increased by 
heat treatment at 100 - IIOO'C. 

The subsequent process Is the same as in the 
twelfth embodiment above, resulting in silicon oxide film 
bonding of the lithium tantalate and lithium niobate wa- 

45 fers. Aluminum electrodes are then formed as described 
in the twelfth embodiment, resulting in an optical guided- 
wave device constructed as described in the tenth em- 
bodiment above. 

The coupling characteristic, propagation loss, and 

50 optical damage characteristic of this optical guided- 
wave device and optical fiber are as described above 
with reference to the tenth embodiment. 

Heat treatment of the silicon oxide film is possible 
in the range from lOO'C to 1100'C with a higher heat 

55 treatment temperature yielding a higher bond strength. 
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Fourteenth embodlm nt 

This fourteenth embodiment describes a seventh 
embodiment of the manufacturing method for an optical 
guided-wave device according to the invention. 

As in the twelfth embodiment above, the surfaces 
of a lithium niobate wafer and a lithium tantalate water, 
which are ground to a mirror finish, are cleaned with an 
etching process. An amorphous silicon film is formed on 
one face of each wafer to a thickness of 0.25 ^im using 
a plasma CVD method. As in the twelfth embodiment, 
the amorphous silicon film surfaces are then cleaned 
with an etching process and treated with a hydrophilic 
process, flushed In demineralized water, and immedi- 
ately sandwiched uniformly together, thereby bonding 
the lithium tantalate and lithium niobate layers together 
by means of the amorphous silicon film. Bond strength 
is increased by heat treatment at 100 - IIOO'^C. 

The subsequent process is the same as in the 
twelfth embodiment above, resulting in amorphous sili- 
con film bonding of the lithium tantalate and lithium nio- 
bate wafers. Aluminum electrodes are then formed as 
described in the twelfth embodiment, resulting in an op- 
tical guided-wave device constructed as described in 
the eleventh embodiment above. 

The coupling characteristic, propagation loss, and 
optical damage characteristic of this optical guided- 
wave device and optical fiber are as described above 
with reference to the eleventh embodiment. 

Heat treatment of the amorphous silicon film is pos- 
sible in the range from 100'C to 1100*C with a higher 
heat treatment temperature yielding a higher bond 
strength. However, if the heat treatment temperature ex- 
ceeds the crystallization temperature of the amorphous 
silicon, the amorphous silicon changes to a polycrystal- 
line silicon film but the bond state is maintained. 

In the twelfth, thirteenth, and fourteenth embodi- 
ments described above, bond strength increases, in 
general, as the heat treatment temperature increases. 
When the temperature exceeds 1100**C, however, lithi- 
um is rapidly released from the surface of both lithium 
niobate and lithium tantalate wafers, significantly dete- 
riorating the wafer surface characteristics and optical 
guided-wave device performance. The bonding heat 
treatment temperature is therefore preferably less than 
HOO'^C. 

Because the thermal expansion coefficients are 
equivalent when two lithium niobate wafers are bonded 
as described in the twelfth embodiment, the heat treat- 
ment temperature needed to improve bond strength is 
both higher and easier to regulate. In this case wafer 
separation does not occur even when a high mechanical 
polishing force is used to thin the wafer, and the optical 
guided-wave device itself can operate stably at a higher 
temperature. As a result, when the optical guided-wave 
device is manufactured by bonding wafers of like mate- 
rials, a devic with a high bond strength and stable op- 
eration at high t mperatures can be obtained. 



The thickness of the bonding film in these three em- 
bodiments can also be freely controlled within the range 
from 0.1 to 3 jim by changing the plasma CVD condi- 
tions. 

5 Direct bonding is attributed to the ion bonding 
strength of the water, hydroxyl groups, and hydrogen 
adsorbed by the surface of the silicon oxide, silicon ni- 
tride, and amorphous silicon layers. Application of heat 
in this state causes the water to escape from the bond- 
70 ing interface and both directly adsorbed hydrogen and 
hydrogen in the hydroxyl groups to escape. The residual 
oxygen and oxygen in the surface of the dielectric (which 
is an oxide) to react with the other constituent elements 
of the dielectric, thereby increasing the bond strength. 
15 It is to be noted that while typical dimensions are 
described for each of the above embodiments, the in- 
vention shall not be so limited to the stated dimensions 
and any ranges of values enabling formation of a good 
optk;al wave guide are within the scope of the invention. 
20 In addition, lithium ntobate and lithium tantalate are 
used by way of example only as single crystal dielectric 
bodies. It will be obvious that the principle of the inven- 
tion is applicable to other dielectric bodies having an 
electro-optic effect and formed in a similar manner. 
25 The preferred embodiments above describe only 
examples of the relationship between specific wafer 
types and bonding films, and various other combina- 
tions are also valid. For example, in the twelfth embod- 
iment above, a silicon nitride film or silicon film can be 
30 substituted for the silicon oxide film, and a silicon oxide 
film can be used in the thirteenth embodiment while ob- 
taining an equivalent structure and effect. When using 
a silicon film, the initial film state can be either amor- 
phous or polycrystalline, and the state obtained after 
35 heat treatment and dependent upon the heat treatment 
temperature can be either amorphous or polycrystalline. 

It is also to be noted that while the above embodi- 
ments are described as applied by way of example in a 
Mach-Zehnder type optical modulator, the structure of 
40 the optical modulator shall not be so limited and the prin- 
ciple of the invention is equally applicable to other struc- 
tures using an optical wave guide. It is also obvious that 
the optical modulator can used as an optical switch if 
the guided light is modulated by the structure of the op- 
45 tical modulator in a switching manner. The present in- 
vention also applies to optical guided-wave devices 
which control the guided light using an electro-optic ef- 
fect by applying a voltage to the optical wave guide. Ex- 
amples of such devices include plane of polarization 
50 control devices, optical phase matching devices and op- 
tica! propagation mode control devices. 

The structure shown in the first embodiment is ef- 
fective as a mode splitter for splitting light by controlling 
the propagation mode of the propagated light because 
55 the refractive indexes to ordinary and extraordinary light 
of the optical wave guide and the substrate differ. 
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[Effect of the invention] 

The following effects are achieved by means of the 
structure and method of the invention as described 
above. 

With specific regard to the optical wave guide, the 
symmetry of the shape of the optical wave guide in cross 
section is good, and the center of light propagation is 
positioned at approximately the center of the thin-plate 
because of the uniform thickness of the device layers, 
and the layer thickness can be freely controlled. Cou- 
pling loss with the optical fiber is therefore greatly re- 
duced. 

Because there Is also a great degree of freedom in 
the selection of materials used for the optical wave 
guide, and it is therefore possible to use pure single 
crystal dielectric wafers which have not been subject to 
diffusion processing, an optfcal guided-wave device 
with tow optical propagation loss and minimal optical 
damage can be obtained. 

Wafer processing is also simpler and a device with 
stable characteristics to high temperature levels can be 
obtained when the bonded wafers are of like materials 
because the equivalent thermal expansion coefficients 
of the materials make it easier to use a high temperature 
in the heat treatment used to improve the bond strength. 

Finally, while the preferred embodiments are de- 
scribed as applied in an optical modulator, the essential 
feature of the invention is the structure of the optical 
wave guide itself. As a result, the invention can be gen- 
erally applied in a wide range of optical guided-wave de- 
vices using an optfcal wave guide, and the inventfcn can 
be also applied in optical switches, plane of polarization 
controllers, propagation mode controllers, and other op- 
tical gukJed-wave devices other than optical modula- 
tors. 



effect comprising 

a first substrate (1,11) made of a first single 
crystal dielectric material with an electro-optic 

5 effect having a first refractive index, 

a second substrate (2,12) made of a second 
single crystal dielectric material with an electro- 
optic effect having a second refractive index 
larger than said first refractive index, and 

10 at least one optical waveguide (3) confined in 

said second substrate (2.12) due to the differ- 
ence of the refractive indices of said substrates, 
characterised in that said second substrate 
(2.12) is bonded via a thin film (21.22,23.24) 

IS made of one material selected from a group 

consisting of glass, silicon, silicon oxide and sil- 
icon nitride to one surface of said first substrate 
(1,11). 

20 3. The optical guided-wave device according to claim 

1 or 2, wherein said first and second crystal dielec- 
tric materials are same and said first and second 
substrates (1,2) have refractive indices different 
from each other due to different crystal orientations. 

25 

4. The optical guided-wave device according to claim 

2 wherein the thickness of said thin film (21-24) is 
less than the cut-off wavelength of the propagated 
light. 

30 

5. The optical guided-wave device according to claim 
2 wherein said thin film (24) is made of amorphous 
silicon. 

35 6. The optical guided-wave device according to claim 
2 wherein said thin film (24) Is made of polycrystal 
silicon. 



Claims 

1 . An optical guided-wave device with an electro-optic 
effect comprising 

a first substrate (1,11) made of a first single 
crystal dielectric material with an electro-optic 
effect having a first refractive index, 
a second substrate (2,12) made of a second 
single crystal dielectric material with an electro- 
optic effect having a second refractive index 
larger than said first refractive index, and 
at least one optical waveguide (3) confined in 
said second substrate (2.12) due to the differ- 
ence of the refractive indices of said substrates, 
characterised in that said second substrate 
(2,1 2) is directly bonded to one surface of said 
first substrate (1,11). 

2. An optical guided-wave device with an electro-optic 



7. The optical guided-wave device according to claim 
40 3 whe rein said first and second substrates (1 ,2) are 

made of lithium niobate. 

8. The optfcal guided-wave device according to claim 
3 wherein said first and second substrates are 

46 made of lithium tantalate. 

9. The optfcal guided-wave device according to either 
one of claims 1 , 2, 4 to 8 wherein said ffrst and sec- 
ond single crystal dielectric materials are different 

so and have different refractive indices. 

10. The optfcal guided-wave device according to claim 
9 wherein said ffrst substrate (4) is made of lithium 
tantalate and said second substrate (12) is made of 

55 lithium niobate. 

11. The optical guided-wave device according to any 
one of claims 1 to 1 0 wherein said guided-wave de- 
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vice is one device selected from a group of optical 
power modulators, optical switches, polarization 
control devices, optical phase matching device, and 
propagation mode control devices. 

12. A method of manufacturing an optical guided-wave 
device with an electro optic effect comprising steps 
of forming first and second single crystal dielectric 
substrates (1,11;2,12) having first and second re- 
fractive indices, respectively, said second refractive 
index being larger than said first one, 

smoothing and cleaning the surfaces of said 
first and second substrates, 
applying pure water to the surfaces of said first 
and second substrates after subjecting the 
same to a hydrophiiic processing, 
piling the surfaces of said first and second sub- 
strates with each other to bond them by means 
of molecules of water directly, 
subjecting said first and second substrates di- 
rectly bonded to a heat treatment at a temper- 
ature ranging from 100*C to 1100'C, 
thinning and working said second substrate to 
form a wave guide (3) for substantially trapping 
the light to be propagated. 

13. The manufacturing method according to claim 12 
wherein said first and second substrates (1,2) are 
made of same single crystal dielectric material and 
have different crystal orientations resulting in differ- 
ent refractive indices. 

14. The manufacturing method according to claim 13 
wherein said first and second substrate are made 
of lithium tantalate. 

15. The manufacturing method for an optical guided- 
wave according to claim 13 wherein said first and 
second substrate (1 ,2) are made of lithium niobate. 

16. A method of manufacturing an optical guided-wave 
device with an electro optic effect comprising steps 
of 

forming first and second single crystal dielectric 
substrates (1.11;2.12) having first and second 
refractive indices, respectively, said second re- 
fractive index being larger than said first one. 
smoothing and cleaning the surfaces of said 
first and second substrates, 
forming a thin film (22,23,24) on at least one of 
the surfaces of said first and second substrates, 
said thin film being made of one selected from 
a group consisting of silicon, silicon oxide and 
silicon nitride, 

applying pure water to the surfaces of said first 
and second substrates after subjecting the 
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same to a hydrophiiic processing, 
piling the surfaces of said first and second sub- 
strates via said thin film with each other to bond 
them by means of molecules of water direct and 
subjecting them to a heat treatment at a tem- 
perature ranging from 1 00*C to 1 1 0O'C to bond 
said first and second substrates, 
thinning and working said second substrate to 
form a wave guide (3) wherein the light to be 
propagated can be trapped substantially 



17. The manufacturing method according to claim 16 
wherein said first and second substrates (1,2) are 
made of same single crystal dielectric material and 

IS have different crystal orientations resulting in differ- 
ent refractive indices. 

18. The manufacturing method according to claim 17 
wherein sakj same single crystal dielectric material 

20 is lithium tantalate. 

19. The manufacturing method according to claim 17 
wherein said same single crystal dielectric material 
is lithium niobate. 



25 



30 



35 



40 



45 



SO 



55 



20, The manufacturing method according to claim 16 
wherein said first substrate (11) is made of lithium 
tantalate and said second substrate (1 2) is made of 
lithium niobate. 

21. The manufacturing method according to claim 16 
wherein the thickness of said thin film is less than 
the cut-off wave length of propagated light. 



22. The manufacturing method according to claim 16 
wherein said thin film (24) Is made of polycrystalline 
silicon. 

23. The manufacturing method according to claim 16 
wherein said thin film (24) is made of anriorphous 
silicon. 

24. A method of manufacturing an optical guided-wave 
device with an electro optic effect comprising steps 
of 

forming first and second single crystal dielectric 
substrates (1,11 ;2, 12) having first and second 
refractive indices, respectively, said second re- 
fractive Index being larger than said first one, 
smoothing and cleaning the surfaces of said 
first and second substrates, 
forming a glass film (21) on at least one of the 
surfaces of said first and second substrates, 
piling the surfaces of said first and second sub- 
strates via said glass film and subjecting them 
to a heat treatment at a temperature ranging 
from 100'C to 1100"C to bond said first and 
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second substrates, 

thinning and working said second substrate to 
form a wav guide (3) for substantially trapping 
the light to be propagated. 

25. The manufacturing method according to claim 24 
wherein said first and second substrates are made 
of same single crystal dielectric material and have 
different crystal orientations resulting in different re- 
fractive indices. 

26. The manufacturing method according to claim 24 
wherein said same single crystal dielectric material 
is lithium tantalate. 

27. The manufacturing method according to claim 24 
wherein said same single crystal dielectric material 
Is lithium niobate. 

28. The manufacturing method according to claim 24 
wherein said first substrate (11) is made of lithium 
tantalate and said second substrate (12) is made of 
lithium niobate. 

29. The manufacturing method according to claim 24 
wherein the thickness of said thin film (21) is less 
than the cut-off wave length of propagated light. 

30. The manufacturing method according to claim 24 
wherein sakJ glass film (21) is of low melting point 
glass. 



Patentanspruche 

1. Optische Wellenleitervorrichtung mit elektroopti- 
scher Wirkung, enthaltend ein erstes Substrat (1 . 
11 ), das aus einem ersten dielektrischen Einkristall- 
material mit elektro-optischer Wirkung hergestellt 
ist und einen ersten Brechungskoeffizienten auf- 
weist, 

ein zweites Substrat (2, 12), das aus einem 
zweiten dielektrischen Einkristallmaterial mit 
elektro-optischer Wirkung hergestellt ist und ei- 
nen zweiten Brechungskoeffizienten aufweist, 
der groBer als der erste Brechungskoeffizlent 
ist, und 

zumindest einen optischen Wellenleiter (3), der 
in dem zweiten Substrat (2, 12) wegen der Dif- 
ferenz der Brechungskoeffizienten der Sub- 
strate eingebunden ist, 

dadurch gekennzeichneti da3 das zweite 
Substrat (2, 1 2) direkt mit einer Oberflache des 
ersten Substrats (1, 11) verbunden ist. 

2. Optische Wellenle'rteworrichtung mit einer elektro- 
optischen Wirkung, enthaltend 



ein erstes Substrat (1. 11), das aus einem er- 
sten dielektrischen Einkristallmaterial mit elek- 
tro-optischer Wirkung hergestellt ist und einen 
ersten Brechungskoeffizienten aufweist, 

5 ein zweites Substrat (2, 12), das aus einem 

zweiten dielektrischen Einkristallmaterial mit 
elektro-optischen Wirkung hergestellt ist und 
einen zweiten Brechungskoeffizienten auf- 
weist. der gr63er als der erste Brechungskoef- 

10 fizient ist, und 

zumindest einen optischen Wellenleiter (3), der 
in dem zweiten Substrat (2. 12) wegen der Dif- 
ferenz der Brechungskoeffizienten der Sub- 
strate eingebunden ist, 

IS dadurch gekennzelchnet, da3 das zweite 

Substrat (2, 12) uber eine dunne Schicht (21, 
22, 23, 24). die aus einem Material hergestellt 
ist, das aus einer Gruppe ausgewahit ist, wel- 
che Glas, Silicium, Siliciumoxid und Siliciumni- 

20 trid umfaBt, mit einer Oberflache des ersten 

Substrats (1,11) verbunden ist. 

3. Optische Wellenleitervorrichtung nach Anspruch 1 
Oder 2, bei der das erste und das zweite dielektri- 

2S sche Kristallmaterial gleich sind und bei der das er- 
ste sowie das zweite Substrat (1, 2) Brechungsko- 
effizienten aufweisen, die aufgrund der unter- 
schiedlrchen Kristallorienlierungen voneinander 
verschieden sind. 

30 

4. Optische Wellenleitervorrichtung nach Anspruch 2, 
bei der die Dicke der dunnen Schicht (21 -24) kleiner 
als die SpernA/eiienlange des sich ausbre'itenden 
Lichts ist. 

35 

5. Optische Wellenleiten/orrichtung nach Anspruch 2, 
bei der die dunne Schicht (24) aus amorphem Sili- 
cium hergestellt ist. 

40 6. Optische Wellenleitervorrichtung nach Anspruch 2, 
bei der die dunne Schicht aus einem polykristallinen 
Sificium hergestellt ist. 

7. Optische Wellenleiten/orrichtung nach Anspruch 3. 
45 bei der das erste und das zweite Substrat (1 , 2) aus 

Lithiumniobat hergestellt ist. 

8. Optische Wellenleiten/orrichtung nach Anspruch 3, 
bei der das erste und das zweite Substrat aus Lici- 

so umtantalat hergestellt ist. 

9. Optische Wellenleiten/orrichtung nach einem der 
AnsprOche 1, 2, 4 bis 8. bei der das erste und das 
zweite dielektrische Einkristallmaterial voneinander 

55 verschieden sind und unterschiedliche Brechungs- 
koetfizienten aufweisen. 

10. Optische Wellenleiten/orrichtung nach Anspruch 9, 
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bei dar das erste Substrat (4) aus Lithiumtantalat 
und das zweite Substrat (1 2) aus Lithiumniobat her- 
gestellt ist. 

11. Optische Wellenleitervorrichtung nach einem der 
Anspruche 1 bis 10, bei der die Wellenleitervorrich- 
tung eine Vorrichtung ist, die aus einer Gruppe op- 
tlscher Leistungsmodulatoren. optischer Schalter, 
Polarisationssteuereinrichtungen, optischer Pha- 
senanpassungseinrichtungen und Ausbreitungs- 
modus-Steuereinrichtungen ausgewahit ist. 

12. Verfahren zum Herstellen einer optischen Wellen- 
leitervorrichtung mit einer elektro-cptischen Wir- 
kung. enthalten die folgenden Schritte: 

Biklen eines ersten und eines zweiten dielek- 
trischen Einkristallsubstrats (1. 11; 2. 12). die 
einen ersten bzw. einen zweiten Brechungsko- 
effizienten aufweisen, wobei der zweite Bre- 
chungskoeffizient gr63er als der erste ist. Gtat- 
ten und Relnigen der Oberflachen des ersten 
und des zweiten Substrate, 
Aufbringen reinen Wassers auf die Oberfla- 
chen des ersten und des zweiten Substrats, 
nachdem die Substrate eine hydrophilen Be- 
handlung unterworfen worden sind, 
Auf etnanderlegen der Oberflachen des ersten 
und des zweiten Substrates, um diese mittels 
Wassermolekulen direkt aneinander zu binden, 
Aussetzen des ersten und des zweiten Sub- 
strats, die direkt aneinander gebunden sind. ei- 
ner Hitzebehandlung in einem Temperaturbe- 
reich von 100 **C bis 1 .100 *C und. 
Verdunnen und Bearbeiten des zweiten Sub- 
strats, um einen Wellenleiter (3) zum weitest- 
gehend Einfangen des auszubreitenden Lichts 
zu bilden. 

13. Herstellverfahren nach Anspruch 12, bei dem das 
erste und das zweite Substrats (1 , 2) aus dem glei- 
chen diefektrischen Einkristaiimaterial hergestellt 
ist und bei dem das erste und das zweite Substrat 
(1. 2) unterschiedliche Kristallorientierungen auf- 
weisen, die zu unterschiedlichen Brechungskoeffi- 
zienten luhren. 

14. Herstellverfahren nach Anspruch 13, bei dem das 
erste und das zweite Substrat aus Lithiumtantalat 
hergestellt sind. 

15. Herstellverfahren fur einen optischen Wellenleiter 
nach Anspruch 1 3, bei dem das erste und das zwei- 
te Substrat (1 , 2) aus einem Lithiumniobat herge- 
stellt sind. 

16. Verfahren zum Herstellen ein r optischen Wellen- 
leiten^orrichtung mit einer elektro-optischen Wir- 



kung, enthaltend die folgenden Schritte: 

Bilden eines ersten und eines zweiten dielek- 
trischen Einkristallsubstrats (1, 11; 2, 12), die 

5 einen ersten bzw. einen zweiten Brechungsko- 

effizienten aufweisen, wobei der zweite Bre- 
chungskoeffizient gr63er als der erste ist, Glat- 
ten und Reinigen der Oberflachen des ersten 
und des zweiten Substrats, Bilden einer dOn- 

10 nen Schicht (22, 23, 24) auf zumindest einer 

der Oberflachen des ersten und des zweiten 
Substrats, wobei die dunne Schicht aus einem 
Material hergestellt ist. das aus der Gruppe 
ausgewahit ist, die aus Silicium, Siliciumoxid 

IS und Siliciumnitrid besteht, 

Aufbringen reinen Wassers auf die Oberfla- 
chen des ersten und des zweiten Substrats, 
nachdem diese einer hydrophilen Behandlung 
unterworfen worden sind. 

20 Aufeinanderlegen der Oberflachen des ersten 

und des zweiten Substrats mit der dunnen 
Schicht dazwischen, um sie mittels Wassermo- 
lekulen direkt aneinander zu binden, und 
Aussetzen dieser Substrate einer Hitzebe- 

2S handlung in einem Temperaturbereich von 1 00 

"^C bis 1,100 *G, um das erste und das zweite 
Substrat aneinander zu binden. 
Verdunnen und Bearbeiten des zweiten Sub- 
strats, um einen Wellenleiter (3) zu bilden. In 

30 dem das weiterzuleitende Licht weitestgehend 

eingefangen werden kann. 

17. Herstellverfahren nach Anspruch 16, bei dem das 
erste und das zweite Substrat (1. 2) aus dem glei- 
35 Chen dielektrischen Einkristaiimaterial hergestellt 
sind und unterschiedliche Kristallorientierungen 
aufweisen, waszu unterschiedik:hen Brechungsko- 
effizienten fOhrt. 

40 18, Herstellverfahren nach Anspruch 17, bei dem das 
gleiche dieiektrische Einkristaiimaterial Lithiumtan- 
talat Ist. 

19. Herstellverfahren nach Anspruch 17, bei dem das 
4S gleiche dieiektrische Einkristaiimaterial Lithiumnio- 
bat ist. 

20. Herstellverfahren nach Anspruch 16, bei dem das 
erste Substrat (11) aus Lithiumtantalat und das 

so zweite Substrat (12) aus Lithiumniobat hergestellt 
Ist. 

21. Herstellverfahren nach Anspruch 16. bei dem die 
Dk:ke der dQnnen Schicht geringer als die Sperr- 

55 weltenlange des weiterzuleitenden Lichts ist. 

22. Herstellverfahren nach Anspruch 16. bei dem die 
dunne Schteht (24) aus polykristallinen Silicium her- 
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gestellt ist. 

23. Herstellverfahren nach Anspruch 16, bei dem die 
dunne Schicht (24) aus amorphem Silicium herge- 
steltt ist. 

24. Verfahren zum Herstellen einer optischen Wellen- 
leltervorrichtung mit einer elektro-optischen Wir- 
kung, enlhaltend die tolgenden Schrltte: 

Herstellen eines erslen und eines zweiten, di- 
elektrischen Einkristailsubstrats (1, 11; 2. 12), 
die einen ersten bzw. einen zweiten Bre- 
chungskoeffizienten aufweisen, wobel der 
zweite Brechungskoeffizient groBer als der er- 
ste ist, Gtatten und Reinigen der Oberflachen 
des ersten und des zweiten Substrats, Erzeu- 
gen einer Glasschicht (21) auf zumindest einer 
der Oberflachen des ersten und des zweiten 
Substrats, 

Auf einanderlegen der Oberflachen des ersten 
und des zweiten Substrats mit der Glasschicht 
dazwischen und Aussetzen des ersten und des 
zweiten Substrats einer Hitzebehandlung in el- 
nem Temperaturbereich von 100 *C bis 1.100 
•C, urn das erste und das zweite Substrat an- 
einanderzu binden. VerdOnnen und Bearbeiten 
des zweiten Substrats, um einen Wellenleiter 
(3) zum annahernd vollstanden Einfangen des 
weiterzuleitenden Lichts zu bilden. 

25. Herstellverfahren nach Anspruch 24, bei dem das 

erste und das zweite Substrat aus dem gleichen di- 
elektrischen Einkristallmaterial hergestellt sind und 
unterschiedliche Kristallorientierungen aufweisen, 
was zu unterschiedlichen Brechungskoeffizienten 
fuhrt. 

26. Herstellverfahren nach Anspruch 24, bei dem das 
gieiche dielektrische Einkristallmaterial Lithiunntan- 
talat ist. 

27. Herstellverfahren nach Anspruch 24, bei dem das 
gieiche dielektrische Einkristallmaterial Lithiumnio- 
bat ist. 

28. Herstellverfahren nach Anspruch 24, bei dem das 

erste Substrat (11) aus Lithiumtantatat und das 
zweite Substrat (12) aus Lithiumniobat hergestellt 
ist. 

29. Herstellverfahren nach Anspruch 24, bei dem die 

Dicke der dOnnen Schicht (21) geringer als die 
Sperrwellenlange des weiterzuleitenden Lichts ist. 

30. Herstellverfahren nach Anspruch 24, bei dem die 
Glasschicht (21) aus ein m Glas mit niedrigem 
Schmelzpunkt hergestellt ist. 



Rovendlcatlons 

1. Dispositif k guide d'ondes optique avec effet 
6lectro-optique, comprenant : 

5 

un premier substrat (1. 11) r6alis6 en un pre- 
mier mat6riau di6lectrique monocristallin pr6- 
sentant un effet diectro-optique et un premier 
indice de refraction ; 
70 un second substrat (2, 1 2) r6alis6 en un second 

mat6riau di6lectrique monocristallin pr6sentant 
un effet 6lectro-optique et un second indice de 
f6fraction sup6rieur audit premier indice de 
refraction ; et 

IS au moins un guide d'ondes optique (3) confin6 

dans ledit second substrat (2, 12) du fait de la 
difference des indtees de refraction desdits 
substrats. 

caracterise en ce que : 
20 ledit second substrat (2, 1 2) est directement lie 

k une surface dudit premier substrat (1 , 11). 

2. Dispositif h guide d'ondes optique avec effet 
eiectrooptique, comprenant : 

2S 

un premier substrat (1,11) realise en un pre- 
mier materiau dieiectrique monocristallin pre- 
sentant un effet eiectro-optique et un premier 
indice de refractbn ; 
30 un second substrat (2, 1 2) r6alis6 en un second 

materiau dieiectrique monocristallin presentant 
un effet eiectro-optique et un second indice de 
refraction superieur audit premier indice de 
refraction ; et 

35 au moins un guide d'ondes optique (3) confine 

dans ledit second substrat (2, 12) du fait de la 
difference des indices de retraction desdits 
substrats. 

caracterise en ce que : 

40 ledit second substrat (2. 12) est lie via un film 

mince (21 , 22, 23. 24) realise en un materiau 
choisi parmi un groupe comprenant du verre, 
du siik^ium, de I'oxyde de silicium et du nitrure 
de silicium k une surface dudit premier substrat 

45 (1.11). 

3. Dispositif k guide d'ondes optique selon la revendi- 
cation 1 ou 2, dans lequel lesdits premier et second 
materiaux dieiectriques sont les mdmes et lesdits 

so premier et second substrats (1, 2) presentent des 
indices de refraction differents I'un de I'autre du fait 
d'orientatons cristallines diff erentes. 

4. Dispositif k guide d'ondes optique sebn la revendi- 
55 cation 2, dans lequel repaisseur dudit film mince 

(21-24) est inferieure k la longueur d'onde de cou- 
pure de la lumiere propagee. 
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5. Dispositif k guide d'ondes optique selon la revendi- 
cation 2, dans lequel ledit film mince (24) est r6alis6 
en silicium amorphe. 

6. Dispositif 6 guide d'ondes optique selon la revendi- 
cation 2, dans lequel ledit film mince (24) est r6alis6 
en silicium polycristallin. 

7. Dispositif k guide d'ondes optique selon la revendi- 
cation 3, dans lequel lesdits premier et second 
substrats (1 , 2) sont r6alis6s en niobate de lithium. 

8. Dispositif h guide d'ondes optique selon la revendi- 
cation 3. dans lequel lesdits premier et second 
substrats sont r6alis6s en tantalate de lithium . 

9. Dispositif k guide d'ondes optique selon I'une quel- 
conque des revendlcations 1,2,4^8. dans lequel 
lesdits premier et second mat^rlaux didlectriques 
monocristallins sont diff 6rents et pr6sentent des in- 
dices de refraction diff6rents. 

10. Dispositif k guide d'ondes optique selon la revendi- 
cation 9, dans lequel ledit premier substrat (4) est 
r6alis6 en tantalate de lithium et ledit second subs- 
trat (12) est realise en niobate de lithium. 

11 . Dispositif k guide d'ondes optique selon I'une quel- 
conque des revendications 1^10, dans lequel ledit 
dispositif k guide d'ondes est un dispositif choisi 
parmi un groupe comprenant des modulateurs de 
puissance optiques, des commutateurs optiques, 
des dispositifs de commande de polarisation, des 
dispositifs d'adaptation de phase optiques et des 
dispositifs de commande de mode de propagation. 

12. Procddd de fabrication d'un dispositif k guide d'on- 
des optique avec effet dlectro-optique comprenant 
les stapes de : 

formation de premier et second substrats di6- 
lectrlques monocristallins (1. 11 ;2, 12)pr6sen- 
tant respectivement des premier et second in- 
dices de refraction, ledit second indice de re- 
fraction etant supeheur audit premier indice de 
refraction ; 

polissage et nettoyage des surfaces desdits 
premier et second substrats ; 
application d'eau pure sur les surfaces desdits 
premier et second substrats apr^s soumission 
de celles-ci k un traitement hydrophile ; 
applicatbn des surfaces desdits premier et se- 
cond substrats Tune sur fautre afin de les Her 
au moyen de molecules d'eau directement ; 
soumission desdits premier et second subs- 
trats directem nt Il6s k un traitement thermique 
k une temperature s'inscrivant dans la plage de 
100»C&1100'C; 



amincissement et fagonnage dudit second 
substrat afin de former un guide d'ondes (3) 
pour pieger significativement la Iumi6re k pro- 
pager. 

5 

13. Procede de fabrication selon la revendication 12. 

dans lequel lesdits premier et second substrats (1 . 
2) sont realises en le meme materiau dieiectrique 
monocristallin et presentent des orientations cris- 
is tallines diff6rentes resultant de d'indices de refrac- 
tion differents. 

14. Procede de fabrication selon la revendication 13, 
dans lequel lesdits premier et second substrats sont 

IS realises en tantalate de lithium. 

15. Precede de fabrication d'un guide d'ondes optique 
selon la revendication 13. dans lequel lesdits pre- 
mier et second substrats (1 . 2) sont realises en nio- 

20 bate de lithium. 

16. Precede de fabrication d'un dispositif k guide d'on- 
des optique avec effet eiectro-optique comprenant 
les etapes de : 

2S 

fornnation de premier et second substrats die- 
lectriques monocristallins (1 . 11 ; 2. 12) presen- 
tant respectivement des premier et second in- 
dfces de refraction, ledit second indice de re- 
do fraction etant superieur audit premier indice de 
retraction ; 

polissage et nettoyage des surfaces desdits 

premier et second substrats ; 

formation d'un film mince (22. 23, 24) sur au 

3S moins I'une des surfaces desdits premier et se- 

cond substrats, ledit film mince etant realise k 
partir d'un element choisi parmi un groupe com- 
prenant du silicium, de I'oxyde de silicium et du 
nitrure de silicium ; 

40 application d'eau pure sur les surfaces desdits 

premier et second substrats aprds soumission 
de celles-ci k un traitement hydrophile ; 
application des surfaces desdits premier et se- 
cond substrats, via ledit film mince, i'une sur 

45 I'autre afin de les lier au moyen de molecules 

d'eau directement et soumission de ceux-ci k 
un traitement thermique k une temperature 
s'inscrivant dans la plage de 100 X ^ 1100 ^'C 
afin de lier lesdits premier et second substrats ; 

so amincissement et fagonnage dudit second 

substrat afin de former un guide d'ondes (3) 
dans lequel la lumidre k propager peut dtre si- 
gnificativement piegee. 

55 17. Precede de fabrication selon la revendication 16, 
dans 1 quel lesdits premi r et second substrats (1 , 
2) sont realises en 1 mdme materiau dieiectrique 
monocristallin et presentent des orientations cris- 
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tallines diff6rentes r6sultant de d'indices de refrac- 
tion diff^rents. 

18. Proc6d6 de fabrication selon la revendication 17, 
dans lequel ledit mfime nnat6riau di6lectrique mo- 
nocristallin est du tantalate de lithium. 

19. Proc^d^ de fabrication selon la revendication 17. 
dans lequel ledit mdme matdriau di^lectrique mo- 
nocristallin est du niobate de tithiunn. 

20. Procddd de fabrication selon la revendication 16, 
dans lequel ledit premier substrat (1 1 ) est r6alis6 en 
tantalate de lithium et ledit second substrat (1 2) est 
rtolisd en niobate de lithium. 

21. Proc^dd de fabrication selon la revendication 16, 
dans lequel r^paisseur dudit film mince est inf drieu- 
re k la longueur d'onde de coupure d'une lumi^re 
propagde. 

22. Procddd de fabrication selon la revendication 16, 
dans lequel ledit film mince (24) est realise en sill- 
cium polycristallin. 

23. Proc6d6 de fabrication sebn la revendication 16. 
dans lequel ledit film mince (24) est rdails^ en sili- 
cium amorphe. 



crislallin et pr6sentent des orientations cristallines 
dift^rentes resultant d'indices de refraction diffd- 
rents. 

5 26. Proc6d6 de fabrication selon la revendication 24. 
dans lequel ledit meme mat6riau dl6lectrique mo- 
nocristaltin est du tantalate de lithium. 

27. Proc6d6 de fabrication selon la revendication 24. 
10 dans lequel ledit meme materiau di6lectrique mo- 

nocristallin est du niobate de lithium. 

28. Proced6 de fabrication selon la revendication 24, 
dans lequel ledit premier substrat (1 1 ) est realise en 

IS tantalate de lithium et ledit second substrat (1 2) est 
r6alis6 en niobate de lithium. 

29. Procddd de fabrication selon la revendication 24, 
dans lequel I'^paisseur dudit film mince (21) est in- 

20 ferleure k la longueur d'onde de coupure d'une lu- 

mi^re propag6e. 

30. Procede de fabrication selon la revendication 24, 
dans lequel ledit film en verre (21) est en un verre 

2S ^ point de fusion bas. 



24. Proc6d§ de fabrication d'un dispositif k guide d'on- 30 
des optique avec effet eiectro-optique, comprenant 

les etapes de : 

formation de premier et second substrats di6- 
lectfiques monocristallins (1 . 11 ; 2. 12)pr6sen- 3$ 
tant respectivement des premier et second in- 
dices de refraction, ledit second indtce de re- 
fraction etant superieur audit premier Indlce de 
refraction ; 

polissage et nettoyage des surfaces desdits ^ 
premier et second substrats ; 
formatbn d'un film en verre (21) sur au molns 
I'une des surfaces desdits premier et second 

substrats ; 

application Tune sur I'autre des surfaces des- 45 
dits premier et second substrats, via ledit film 
en verre, et soumission de ceux-ci k un traite- 
ment thermique k une temperature s'inscrivant 
dans la plage de 100 '^C ^ 1100 ''C afin de lier 
lesdits premier et second substrats ; ^o 
amincissement et fa9onnage dudit second 
substrat afin de former un guide d'ondes (3) 
pour pieger significativement la lumidre k pro- 
pager. 

55 

25. Procede de fabrication selon la revendication 24, 
dans lequel lesdits premier et second substrats sont 
realises en le mdme materiau dieiectrique mono- 
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Fig. 2 
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Fig. 4 
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Fig, 14 
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